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ABSTRACT KEYWORDS
Atrazineisaworldwide herbicide used to control pre- and post-emergence Atrazine;
Herbicide;

broadleaf and grassy weeds in major crops. Being both effective and
inexpensive, it iswell-suited to production systemswith very narrow profit
margins, asisoften the case with maize. However, dueto atrazine’s ground
water contamination potential and its association with birth defects and
menstrual problems when consumed by humans at concentrations even
bel ow government standards; environmental mediamonitoring for atrazine
are inevitable. The objective of this study was to investigate a proposed
“safe, cheap and relatively fast” analytical technique for the routine
monitoring of atrazine in soil samples by high performance liquid
chromatography equipped with ultra-violet detector and/or gas
chromatography mass spectrometry. The method uses acetonitrile as the
extracting solvent, and a self-packed activated silica gel for clean-up of
extract.

The proposed method exhibited good sensitivity and recovery, and allowed
for rapid analysis. For soil analysis, a single chemist could prepare test
solutions from 15 corresponding homogenized samples within 4 hours.
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Contamination;
Liquid chromatography;
Clean-up;
Silicagel.

INTRODUCTION known herbicide. It isused to control pre- and post-

emergence broadleaf and grassy weedsin mgor crops.

Inagriculturd cultivation, agroup of pesticidesthat
plays an essential rolein the control of weedswhich
competefor nutrientswith thedesired croponafarmis
herbicide. 1-Chloro-3-ethylamino-5-isopropylamino-
2,4,6-triazineor smply caled atrazine, isaworldwide

Being both effectiveandinexpensive, itiswell-suited to
production systemswith very narrow profit margins, as
isoftenthecasewithmaize. Atrazineisabanned chemi-
cal inthe European Union'® and other countries, but it
still continuesto bewidely used asapreferred broad-
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leaf and grassy weedsherbicide. For instance, in Ghana,
arazineisregisteredfor the control of annual perennia
grass, broadleaf weeds and asacontact herbicide un-
der severd tradenamesincluding Trazine80WR, Trazine
500 SC, Sun-Atrazine 500 SC, Kb Super Traz 500
SC and Cotraxine 500 SC?. However, due to
atrazine’s ground water contamination potential and its
associ ation with birth defectsand menstrual problems
when consumed by humansat concentrationseven be-
low government standards, environmental mediamoni-
toring for Atrazineareinevitablé¥. Thereisasothe
need for moreresiduedatafor atrazinein order touse
modeling softwareto verify the contamination level sof
arazineintheenvironment.

Determinationsof pesticideresiduesin mediasuch
assoil comewith somecomplications, especidly inex-
traction and clean up steps dueto the complex nature
of soil samplesi¥. Techniques such as soxhlet,
ultrasonication and solid phase microextraction, and
others have been used and continueto be usefor soil
sampleswith different solvent systems. Eachtechnique
hasitsown advantages and deficienciesover the other.
Largeamountsof solvent usagetolong extraction hours
bedevil soxhlet extraction technique, whilesolid phase
microextraction techniqueisnot very commonfor resi-
dueanalysisin soil. For detection and quantification,
gas chromatograph mass spectrometer and gas chro-
matograph nitrogen phosphorous detector have been
used for atrazinein soil and water samples*®. Liquid
chromatography techniques have al so been used for
atrazineinwater determinationg®”. Thisstudy investi-
gatesaproposed safe, cheap and relatively fast ana-
Iytical method for the routine monitoring of atrazinein
soil by high performance liquid chromatography
equipped with ultra-violet detector. However, with dight
maodification of the clean up procedure, gas chroma-
tography mass spectrometer (GC/MS) could also be
useto confirm and quantify the atrazine extracted from
thesoil samples.

MATERIALAND METHODS

Sampling and processing

Beach soil sampleswerecollectedintoziplock plas-
tic bags. They werethen transported into thelabora-

tory for sample processing. Soil sampleswere then
transferred into Pyrex beakersand placed in an oven
set at 150°C and was| eft overnight. In addition some
clay and loamy soil samples were also collected to
check for robustness of the method.

Reagent and chemicals

Acetonitrile and Methanol were pesticide grade
and obtained from BDH, England. Silicagel adsorbert,
polypropylenecartridges, distilled water and Whatman
filter paper no. 1.

Certified reference standard; atrazine used for
theidentification and quantification wasobtained from
Dr. Ehrenstorfer GmbH (Augsburg, Germany).

Preparation of stock reference and calibration
standardssolution

25.0mg of 99.0% atrazine standards was wei ghed
into 25 mL volumetricflask. Methanol wasusedtodis-
solvethe standard and further diluted to the mark to
form 1000 mg/L atrazine stock standard solution. An
aiquot of 0.1 mL of the 1000 mg/L stock solutionwas
transferred into 10 mL volumetric and diluted to the
mark using methanol to obtained 10 mg/L. 0.01 mL,
0.05mL,0.10mL, 0.50 mL and 1.0 mL aiquotsof the
10 mg/L standard solution werediluted with methanol
toobtained 0.01, 0.05, 0.10, 0.50 and 1.0 mg/L stan-
dard solutionsof atrazinefor instrument calibration.

PROCEDURE

Extraction

10 g of soil sample was weighed and quantita-
tively transferred into a250 mL separating funnel. 10
mL of acetonitrilewasadded to the soil sampleinthe
funnd and ultra-sonicated for 2 minutes. An additional
10 mL acetonitrilewas added, and the separating fun-
nel closed tightly and placed on ahorizontal shaker. It
was then set to shake continuous for 30 minutes at
300 mot/min and finally allowed to stand for 5 min-
utesto sufficiently separate the phases. 10 mL of the
supernatant was carefully taken and dried over 5 g
anhydrous sodium sul phate through filter paper into
50 mL round bottom flask. This was then concen-
trated to about 1 mL using therotary evaporator, and
made ready for silicaclean up step.
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Cleanup

1gof silicagd that previoudy had been activated
at 130°C for 10 hourswas carefully packed into 10 mL
polypropylene cartridge column and 6 mL acetonitrile
was used to condition the cartridge. The concentrated
extract was then loaded onto the column and 50 mL
pear shape flask was placed under the column to col -
lect theeluate. 10 mL acetonitrilewasused to e utethe
column afterwards, and thetota filtrate collected con-
centrated to just dryness using therotary evaporator
set at 38°C. The residue was re-dissolved in 1 mL
methanol andtransferredintoa2 mL standard vid prior
to quantitation by high performanceliquid chromatog-

raphy.
NB

For GC/M S determination, the packed 1 g acti-
vated silicagel was sandwiched between two 1 g of
anhydrous sodium sul phate beforethe column was con-
ditioned withthe6 mL acetonitrileand theextract |oaded
onto the column afterwards. Thiswasdonein order to
take careof any residua moistureintheextract.

I nstrumentation
HPLC analysis

A Varian Incorporated (USA) High Performance
Liquid Chromatography (HPLC) with prostar ultra-vio-
let, photodiode array and fluorescence detectors,
equipped with model 410 Varian autosampler, and a
three system 210 pump; all coordinated by agalaxy
workstation software. Theseparationwasdoneon Luna
C18, (5 um, 250 x 4.6 mm) stainless steel column at
room temperature operation. The mobile phase was
water-methanol (40:60, v/v) at aflow rateof 1.5mL/
min. UV detection wasrealized at 257 nm, and the
injection volumewasfixed at 50 uL for partial loop
filling. Thetotd runtimewas10min.

GC/MSanalysis

AVarian CP-3800 Gas Chromatograph (VarianAs-
sociatesInc. USA) equipped with 1177 typeinjector,
Saturn 2200 Mass Spectrometer (M S) asdetector and
8400 Varian auto-sampler wasused for GC analysis.
Sampleextract of 2 uL aliquots was injected and the
separationwas performed onafused silicagel capillary
column (VF- 5ms, 30 m + 10 m column guard x 0.25
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mmid., 0.25 um film thickness). Thecarrier gaswas
ultrapurehelium at flow rate of 1.2 mL/min. Thetem-
peratureof theinjector operating in splitlessmodewas
250°C and the M S detector with aniontrap massana
lyzer was set to scan massrange of 50 m/z—350 m/z at
auto El. Themass 200 m/z was sel ected asthe detec-
tion and quantificationion, while 215 m/z wasused for
confirmation of thedetected atrazine. Themanifold, ion
trap and transferline temperatures were set to 80°C,
210°C and 260°C, respectively. Thecolumn oventem-
peraturewas programmed asfollows; 70°C for 1 min,
thenat 30°Cmin?* up to 240°C and finally at 5°Cmin?
t0300°C hddfor 0.3 min. Thetotd runtimeforasample
was28 min.

RESULTSAND DISCUSSION

To test the performances of thismethod of extrac-
tion - purification, soil samplesfrom the beach, clay
and loamy soilswere chosen. Two analyseswere car-
ried out respectively; one after addition of aknown
quantity of atrazine (fortified sample) andthe other with-
out addition of atrazine (blank sample). Theanaysis
was repeated twenty timesin order to evaluatethere-
producibility of themethod. The quantitiesof atrazine
added madeupfortificationlevelsof 0.01 mg/kg, 0.05
mg/kg and 0.10 mg/kg (quantitieswhich are closeto
theonesrecommended by most monitoringAgencies).
Thefortified ssamplewasleft at rest for 30 minutesbe-
fore starting the operation of extraction - purification.
Theresidueobtained after thisoperation wasanaysed
by HPLC-UV, and dso by GC/MS.

Andysisof theblank samples(not fortified) of beach,
loamy and clay soils after the procedure of extraction—
purification indi catesthe absence of apeak at thetime
of retention of atrazine.

Under the already quoted chromatographic condi-
tionsthis peak iswell resolved compared to theclose
peaksin thefortified samples(typica chromatograms
arepresented in Figure 1 and 2).

Thepresent method of extraction - purificationwith
ardatively safer solvent, acetonitrile, gavevery good
recovery results(TABLE 1); thecal cul ated coefficients
of variation ared| lower than 6% indicatingavery good
reproducibility. Linearity of thedevel oped method was
tested in aconcentration rangefrom 0.01to 1.0 mg/kg.
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Thelimit of detection (LOD) was computed asthree tectable concentration. LOD for atrazine studied was
timesthe baselinenoise (S/N = 3) at thelowest de-  equal or lessthan 0.005 mg/kg (TABLE 1).
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Figure 1: Chromatogram from GCM Sdeter mination of atrazinein soil samples; 0.05mg/kg spiked soil sample

Figure2: Chromatogram fromHPL C deter mination of atra-
zinein soil samples; 0.05mg/kg spiked soil sample
TABLE 1: Fortification level (mg/kg), correlation coeffi-
cients(R), averagerecoveries(%, n =20), relativestandard
deviations(RSDs, %) and limitsof detection (L ODs, mg/kg)
obtained for atrazinestudy

Fortification Average

Soil RSD LOD
Te ol N RRe @) (mgko)
0.01
Beach 0.05 0.999 94 4.1 0.003
0.10
0.01
L oamy 0.05 0.998 90 4.6 0.003
0.10
0.01
Clay 0.05 0.992 71 59 0.005
0.10
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Therelatively poorer result obtained with clay soil
could be explained by agreater affinity of sorption of
atrazinetoclay soil.

CONCLUSION

Safe, cheap and relatively fast analytical method
for theroutine determination of atrazineresiduein soil
had been devel oped. Themethod isbased onasmple
extractionwith ardatively safer organic solvent, purifi-
cation with self-packed activated silicagel cartridge,
and determinationswithHPLC-UV and GC-MS. The
proposed method exhibited good sengitivity and recov-
ery, and alowed for rgpid analysis. For soil andysis, a
singlechemist could preparetest solutionsfrom 15 cor-
responding homogeni zed sampleswithin4 hours. This
method does not require specia techniquesinsample
preparation. Themgor achievementsof this““safe, cheap
andreaivdyfast,” method would yield immense ben-
efits such as: (a) reduced time and costs for sample
extraction, (b) reduced timefor masteringtheandytica
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techniques, and (c) lesserrorswithin procedure. The
method described here hasahigh efficiency covering
different soil types. Thus, it would be gpplicableto vari-
ous soil and sediments suited for use in monitoring
works.

Themethod of extraction—purification which have
been adapted and tested, and that consists of an ex-
traction with acetonitrilefollowed by purification on
activated silicagel appearsto be completely satisfac-
tory sinceit leadsto atrazine recoveries higher than
70%.
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